Context. Rattus tanezumi (the Asian house rat) is the principal rodent pest of rice and coconut crops in the Philippines. Little is known about the population and breeding ecology of R. tanezumi in complex agroecosystems; thus, current methods of rodent control may be inappropriate or poorly implemented.
Introduction
Evidence is building that losses caused by rodents to agricultural crops are an important food security issue, particularly in developing countries, and require more attention on the population ecology of the respective pest species for effective management (Meerburg et al. 2009; Singleton et al. 2010; John 2014) . Rattus tanezumi (Temminck), a species comprising several phylogenetic lineages of the Rattus rattus complex (Aplin et al. 2011) , is an important agricultural pest throughout south-east Asia. In the Philippines, R. tanezumi is the principal agricultural rodent pest species (Alfonso et al. 1985; Singleton et al. 2010) , causing serious damage to rice crops with annual yield losses of 30%-50% in some regions of Luzon, the largest island of the Philippine archipelago (Joshi et al. 2000; Singleton 2003 ). In the lowland coastal agroecosystems of the Sierra Madre Biodiversity Corridor (SMBC), Luzon, a mosaic of habitats is present, including rice fields, coconut groves, agroforest and forest. In this complex agricultural landscape, farmers consider rodents to be the main pest of rice during the wet season rice crop and the main pest of coconut throughout the year, causing average estimated preharvest yield losses of 10.7% and 3% per year, respectively (Stuart et al. 2011) . The annual mean loss in rice yield (two crops per year) due to rodents was estimated to be approximately 1000 kg ha potential net rice income. This is a significant loss considering that the mean annual net income from rice per farmer was estimated to be less than US$2 per day (Stuart et al. 2011) .
Such losses to rice production have resulted in the need for rodent control. However, rice farmers are only able to invest small amounts into rodent control and current methods may be inappropriate or poorly implemented (Stuart et al. 2011) . For example, most rice farmers only apply control methods reactively after the booting stage of the rice crop has begun. This is often after damage becomes visible. In addition, current indiscriminate use of rodenticides may have a negative impact on the local endemic rodent and other small mammal fauna that inhabit complex agroecosystems in the SMBC and throughout Luzon (Stuart et al. 2007; Ong and Rickart 2008; Stuart et al. 2008) .
In order to reduce the impact of rodents on the farmers in complex lowland agroecosystems, an integrated ecologically based pest management approach (EBRM; Singleton et al. 1999a) should be developed that incorporates findings from research into the habitat use, population dynamics and breeding biology of the rodent pest species. One strategy of EBRM is to limit population growth by limiting the quality and availability of food and nesting habitat. These were identified as key limiting factors for Rattus argentiventer (Robinson and Kloss) in Indonesia (Leung et al. 1999) and Vietnam (Brown et al. 2006; Phung et al. 2012) , and are also likely to be key limiting factors for R. tanezumi (Stuart et al. 2012) . In intensive lowland rice field ecosystems of Luzon, the breeding season of R. tanezumi is linked to the rice crop, with a peak in breeding activity during the ripening stages of the crop (Marges 1972; Fall 1977) . Duque et al. (2008) also identified that a small proportion of R. tanezumi females may continue breeding throughout the year. In such rice monocultures where there is little alternative habitat, female R. tanezumi primarily nest within the tillers of ripening rice fields (Fall 1977) and along the banks of irrigation canals . However, in rice-coconut cropping systems, female R. tanezumi primarily use coconut groves adjacent to rice fields for nesting (Stuart et al. 2012) . Rats have also been observed to move from rice fields to coconut groves during harvest and land preparation, and to return to the rice fields when the next rice crop is at the mid-tillering stage (Alfonso et al. 1985; Hoque and Sanchez 2008) . However, no studies have been reported on the population ecology of R. tanezumi in such complex agroecosystems.
The aims of the present study were to investigate the habitat use, population dynamics and breeding biology of the principal rodent pest species in complex agroecosystems in the Philippines. From our stronger understanding of the population and breeding ecology of R. tanezumi, we develop recommendations for improved rodent management practices that are likely to be cost-efficient and minimise non-target risks.
Materials and methods

Study area
The study was conducted in the Municipalities of Baler and San Luis, Aurora, Philippines (15 73 0 N, 121 56 0 E). Aurora province is located on the mid-eastern coast of Central Luzon (Region III), and covers the eastern portion of the Sierra Madre Mountain Range. Aurora has a land area of 324 000 ha, of which, 230 000 ha is covered by forest and 50 000 ha is cultivated for agriculture. The two major crops grown in the province are coconut and rice. There are two growing seasons of rice in Aurora each year: a 'wet' season crop from November to April and a 'dry' season crop from May to October (for more details, see Stuart et al. 2012) .
Study design
Five habitats were selected for trap placement. Four were selected for a mark-release-recapture study. These included rice fields adjacent to coconut habitat ('rice-coconut'), coconut groves, coconut-based agroforest and secondary lowland forest (for further details, see Stuart et al. 2008) . All coconut and agroforest sites were within 500 m of a rice field. The fifth habitat, rice monoculture (a large irrigated rice-growing area of more than 20 ha with no other major habitats found within), was selected for a reproductive study of R. tanezumi in which all females captured were killed and dissected for detailed analysis of breeding condition.
There were three replicate sites for each habitat. At each site, a trapping grid of 20 (5 Â 4) locally made single-capture wire cage traps (300 Â 140 Â 140 mm) was set. Trapping grids were situated at least 200 m apart and replicate sites per habitat were at least 500 m apart (see Fig. 1.) . In rice field habitats, traps were placed 10-15 m apart, on or alongside rice bunds (for further details, see Stuart et al. 2008) . Traps were placed 10 m apart in the coconut and agroforest habitats and 5 m apart in the forest habitat. Where possible, they were placed under vegetation cover. During each trapping session, traps were set over four consecutive nights, preceded by three nights of 'pre-baiting'. Traps were baited in the morning with a piece of fresh coconut combined with a live golden apple snail (Pomacea canaliculata Lamarck). This bait mix was used because there was a simultaneous study on rodent species diversity (see Stuart et al. 2008) . Traps were checked each morning beginning at dawn. Trapped animals were identified to species, sexed and individually marked with a combination of ear punches (for further details, see Stuart et al. 2008) . Body measurements were recorded and female breeding condition was determined according to Aplin et al. (2003) . The number of traps missing or sprung with no capture was recorded at each site and later excluded from the total number of trap-nights.
Monthly rainfall data was collected from the Philippine Atmospheric, Geophysical and Astronomical Services Administration (PAGASA) Baler Weather Station, located 7-10 km from the study sites.
Additional trapping
During November and December 2006, kill traps were set opportunistically on the edge of rice monoculture habitat, at least 200 m away from the main trapping grids, to collect adult female R. tanezumi for the assessment of breeding condition. To analyse the effectiveness of live traps in rice habitats and to increase capture success, kill traps (break-back traps) were set for an additional three nights immediately after live trapping in January 2007, when the rice was at the tillering stage (see Stuart 2009 ). Additional trapping using live and kill traps was conducted in rice-coconut habitat from February to November 2007 to collect adult female R. tanezumi for breeding assessment. This trapping was conducted at least 200 m away from the main trapping grids.
Scientific permits
Fieldwork was approved by the municipal governments of Baler and San Luis. Scientific permits and animal ethics approval were granted by the Philippine Department of Environment and Natural Resources (07-13488/062507), with special thanks to B. Mina and M. Millan.
Data analysis
Statistical analyses were performed using SPSS version 18 (SPSS Inc., Chicago, IL, USA).
The mean number of individuals caught per 100 trap-nights provided an index of the relative abundance of animals per trapping effort. To analyse differences in relative abundance over time and between crop stages, linear mixed models with a maximum likelihood estimation were used. Habitats were analysed separately due to the variation in trap grid area and relative abundance was log-transformed (ln Y + 1) to better approximate a normal distribution. Fixed effects entered into the model included trapping session (as a repeated variable with diagonal repeated covariance) and stage of the nearest rice crop (for both rice habitats and coconut 
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Wildlife Researchonly habitat). Trap sites were entered as random effects. Crop stage was categorised as seedling, tillering, reproductive (booting to flowering), ripening or stubble. Population changes in response to rainfall were analysed by correlating mean monthly exponential rates of increase (log transformed) against monthly rainfall. For each month, rainfall for the current month was accumulated with rainfall for the previous 1-5 months. Mean exponential rates of increase per month were also plotted against 1-6 months accumulated rainfall that was lagged by 1-6 months (see Singleton 1999, Brown et al. 2005) .
Using capture data from first captures and monthly recaptures, a linear mixed model with a maximum likelihood estimation was used to test for differences in the proportion of females captured between habitat (rice monoculture, rice-coconut, coconut, agroforest), trapping session and crop stage. Fixed effects entered into the model included trapping session (as a repeated variable with a diagonal repeated covariance type), habitat, stage of the nearest rice crop and the habitat Â crop stage interaction. Trap sites were entered as random effects. The crop stage was categorised as above.
Indices of body condition were used to differentiate the quality and suitability of different habitats for each species and whether there were any seasonal effects on body condition. Indices of condition were constructed by estimating body condition based on a regression between adult skeletal size (head and body length) and body mass (see Krebs and Singleton 1993) . Pregnant females (detected by palpation of visible embryos) were omitted. Adults (!140 mm) were classified based on a head and body length below which 5% of females and 10% of males were sexually mature (see Stuart 2009) .
A univariate general linear model (GLM) was performed to analyse adult R. tanezumi head and body length and condition index against habitat, month and stage of the nearest rice crop, along with all interactions. Dependent variables were natural log transformed to homogenise variance. Trap sites were included as a random effect. For analysis of body size, sex was included as a fixed factor with no interactions to account for sexual dimorphism. Crop stage was categorised as vegetative (seedling to tillering), reproductive, ripening and stubble. Forest habitat was not included in the analysis due to low sample size.
Using first capture and monthly recapture data from rice monoculture, rice-coconut and non-rice habitat (coconut and agroforest combined), binary logistic regression analysis was performed to investigate factors influencing the occurrence of adult R. tanezumi females in breeding condition. Variables entered into the full model were habitat, crop stage, season, year, rainfall and all two-way interactions. Due to a delay in visible detection of breeding condition from conception (Aplin et al. 2003) , we analysed monthly rainfall totals that were lagged by 1 month. Non-significant variables (P > 0.05) were removed sequentially using the backward elimination technique (Krzanowski 2007) , and the significance of each variable was assessed by analysing the difference in the model log-likelihood statistic with and without the variable present (Field 2005 R. tanezumi occurred in all five habitats and was the most abundant rodent species trapped in rice-coconut and coconut habitats and the only species trapped in rice monoculture (Table 1. ). In forest and agroforest habitats, R. everetti was the most abundant rodent species trapped, whereas, the abundance of R. tanezumi was relatively low.
In the rice monoculture habitat, the relative abundance of R. tanezumi differed significantly between stages of the rice crop (F 2,3.3 = 11.941, P = 0.032). In this habitat, two rice crops were grown during the study and two corresponding peaks in abundance occurred during the tillering and booting stages of both crops (Fig. 2) . The lowest abundance of R. tanezumi occurred during the seedling stage.
In rice-coconut and coconut habitats, there was a significant difference in R. tanezumi abundance between trapping sessions (F 16,5.0 = 155.946 (P < 0.001) and F 16,15.8 = 2.538 (P = 0.036), respectively) and between rice crop stages (F 3,3.7 = 8.950 (P = 0.036) and F 4,6.4 = 5.351 (P = 0.031), respectively). In rice-coconut, abundance generally increased from the tillering stage of the rice crop in February or July to the booting or ripening stage in May-April or August-September. However, 
Sex ratio
There was a significant difference in the proportion of females trapped between habitats. In rice monoculture and rice-coconut, the sex ratio was close to even (mean sex ratio (AE s.e.): 0.47 AE 0.01 and 0.54 AE 0.01, respectively), whereas in coconut and agroforest the sex ratio was male biased (0.35 AE 0.00 and 0.35 AE 0.01%, respectively; F 3 = 13.847, P < 0.001). The difference in the proportion of females trapped between crop stages approached significance (F 3 = 2.885, P = 0.051). However, there was a significant habitat Â crop stage interaction (F 9 = 8.252, P < 0.001). In both rice habitats, the sex ratio was female biased during the seedling and stubble stages of the rice crop, and either male biased or close to even during other crop stages. In non-rice habitats, the sex ratio was male biased throughout the duration of the nearby rice crop. An exception was agroforest habitats, where the sex ratio was close to even during the tillering and ripening stages of the nearest rice crops.
Body condition and size
Adult male R. tanezumi (179.5 AE 0.9 mm; n = 335) were significantly larger than adult females (mean head and body length 170.9 AE 0.9 mm; n = 292; F 1,544 = 36.428, P < 0.001).
There was no significant difference in mean body size between habitat (F 3,46 = 1.787, P = 0.163), month ( The mean body mass of adult R. tanezumi caught in rice monoculture and rice-coconut was 2.8% (n = 123) and 1.3% (n = 252) above the mean predicted body mass in relation to their body size (head and body length), respectively. In coconut and agroforest, adult R. tanezumi were 3.6% (n = 176) and 0.8% (n = 49) below average in body condition, respectively. There was no significant difference in the mean adult R. tanezumi condition between habitats (F 3,49 = 0.642, P = 0.592), months (F 9,480 = 1.242, P = 0.267) or crop stages (F 4,480 = 0.414, P = 0.798). However, mean body condition differed significantly between habitats for some months (habitat Â month interaction F 24,480 = 1.657, P = 0.027). In rice monoculture, rats were in best condition in January and June, during the seedling and tillering stage of the rice crop, whereas in the other habitats rats were all below the mean body condition during these months (Fig. 3) . In rice-coconut, rats were in best condition from February to March, when rice crops were in the booting to ripening stage, and in October, during fallow. In coconut and agroforest, rats were also above mean body condition during February and March, but during October rats in coconut were well below mean body condition. 
Reproductive activity
Across all the habitats sampled, some R. tanezumi females were in breeding condition throughout the year (Fig. 4) . There was no significant difference in the proportion of adult females in breeding condition between habitats (Table 2 ). However, there was a significant habitat Â crop stage interaction. In the rice habitats, the proportion of adult females in breeding condition was lowest during the early stages of the rice crop, increased during the booting stage and peaked during the ripening and stubble stages just after harvest. From the vegetative stage to the reproductive stage of the nearest rice crop, breeding condition did not differ significantly between habitats. However, the odds of a female being in breeding condition increased significantly from the vegetative stage to the ripening and stubble stages in rice-coconut habitat only ( Table 2 ). The odds of a female being in breeding condition similarly increased in rice monoculture, but this increase was not significant. Significantly more R. tanezumi females were in breeding condition in the wet season (71.2%; n = 214) than the dry season (52.4%; n = 292). However, year had no significant effect (2006 = 59.1% (n = 193); 2007 = 52.4% (n = 313)). Breeding condition was significantly related to rainfall ( Table 2 ). The odds of a female being in breeding condition increased by 50% for every 100 mm decrease in monthly rainfall amount. In a stubble rice field adjacent to coconut, live and kill trapping conducted 2 weeks after harvest in October 2007 revealed that a high proportion of adult females (83%, n = 12) were still in breeding condition when there was a standing crop nearby (distance of 50-200 m).
The mean potential litter size (determined by embryo counts) for female R. tanezumi trapped in both rice habitats was 8.5 AE0.3 (n = 76; range 3-14). There was no significant difference in mean litter size between the two rice habitat types (F 1,64 = 0.333, P = 0.566) or rice crop stages (F 3,64 = 0.069, P = 0.976), and there was no significant relationship with body length (F 1,64 = 0.015, P = 0.904). A total of 37 females dissected had uterine scars. The majority of these individuals (86.1%) had one or two sets of scars. However, during the tillering stage of the rice crop in February, August and January, animals were found with at least three sets of scars.
Discussion
In the complex lowland agroecosystems of the SMBC, R. tanezumi occurred in all the habitats sampled and was the most common rodent species trapped in rice croplands and coconut groves. In Luzon, Philippines, it is well established that the non-native rodent R. tanezumi is the principal rodent pest of rice and coconut (Fall 1977; Alfonso et al. 1985; Duque et al. 2008) , but the present study is the first that covered a diverse range of agricultural and forest habitats. The only other pest rodent species trapped in the present study was the nonnative rodent R. exulans, which is considered a minor agricultural pest in the Philippines. Few were trapped, with none in rice monoculture. These results confirm that rodent management strategies in these complex agroecosystems should be directed against R. tanezumi. The other three rodent species are endemic to the Philippines and are not considered agricultural pests (Stuart et al. 2007) .
The stage of the rice crop appeared to be a major factor influencing the habitat use, breeding biology and abundance of R. tanezumi in the complex agroecosystems of the SMBC. In rice fields near to coconut groves, peaks in R. tanezumi abundance coincided with the tillering to ripening stages of the rice crop and was lowest during the seedling stage. This is consistent with previous reports in lowland rice crops on the population dynamics of R. tanezumi in the Philippines (Alfonso et al. 1985) , as well as R. argentiventer in Indonesia (Jacob et al. 2010) and Vietnam (Brown et al. 2005) . In coconut groves near rice fields, abundance peaked during the seedling to tillering stage of nearby rice crops and began to decline from the booting stage, indicating that rats most likely migrate to coconut groves or other refuge habitats during land preparation when the rice habitat is disturbed and do not return to the rice fields until there is sufficient cover provided by the mid-tillering crop.
In rice-monoculture, R. tanezumi abundance declined sharply after the booting stage of the rice crop. A similar pattern was also observed in previous studies of R. argentiventer in rice monocultures, where populations declined towards the latter stages of the rice crop (Brown et al. 2005; Jacob et al. 2010) . Our findings may be a consequence of removal trapping. In other habitats, very few R. tanezumi were recaptured in later sessions. The removal of females is likely to have a negative effect on recruitment; however, results from kill trapping revealed that live trapping in rice habitats was only sampling a subset of the R. tanezumi population (Stuart 2009 ). Thus, we expect removal to have a minimal effect on recruitment. Another possible explanation is that the trappability of R. tanezumi declined markedly once rice panicles begin to develop and become a preferred diet of this species (Htwe and Singleton 2014) . Therefore, perhaps our bait was less attractive during the maturity stages of the rice crop, as observed with R. argentiventer in lowland rice fields of Malaysia during baiting with rodenticides (Buckle and Rowe 1981) . This implies that R. tanezumi abundance during the latter crop stages is likely to be underestimated due to reduced bait attractiveness.
R. tanezumi appears to be an opportunistic omnivore that is able to efficiently utilise the resources available in and around lowland rice field habitats, enabling year-round breeding. Pronounced peaks in rodent reproductive activity in the lowland rice field habitats occurred when high-quality food was abundant: from the booting stage of the rice crop until just after harvest. This finding is consistent with previous studies of this species in southern Luzon (Marges 1972; Fall 1977) . When two rice crops were cultivated in a year, two main breeding seasons occurred. However, generally at least 10% of adult female R. tanezumi were breeding at other times of the year. These findings are similar to those reported by Duque et al. (2008) and Htwe et al. (2012) for R. tanezumi in large irrigated rice monocultures in the Philippines and highlight a marked difference to the breeding ecology of R. argentiventer in the majority of large irrigated rice-growing regions in south-east Asia. The latter has its breeding strongly cued to the rice crop, with breeding only occurring from late tillering to a few weeks after harvest (Lam 1983; Leung et al. 1999) . However, in asynchronous or mixed cropping systems R. argentiventer also breed for most of the year (Brown et al. 2005; Htwe et al. 2012) . These findings further support the need to understand the ecology of specific pest species of rodents for a specific agroecosystem before developing management recommendations.
The ability of both R. tanezumi and R. argentiventer to extend their main breeding season in areas where the rice crops are asynchronous (Leung et al. 1999; Singleton et al. 2005; Htwe et al. 2012) enables adult females to produce more litters in one season, as well as allowing a high proportion of the first litters of the cropping season to breed successfully, resulting in high crop losses (Singleton 2003) . In our study area, asynchronous cropping was widely practiced (A. M. Stuart, unpubl. obs.; Stuart et al. 2011) . In addition, where rice fields bordered coconut groves, R. tanezumi took advantage of the adjacent coconut habitat for breeding purposes (Stuart et al. 2012 ). By nesting above ground level in the less disturbed refugia, R. tanezumi nests are able to avoid major disturbances in rice fields created by harvesting, land preparation or flooding, thus increasing litter survival to weaning.
In all habitats, a higher proportion of R. tanezumi females were breeding in the wet season, but this is unlikely to be related to rainfall because there was little difference in rainfall between the two cropping seasons and, more importantly, there was a significant negative relationship between rainfall and the occurrence of breeding R. tanezumi females. The reason for this relationship is not clear. A possible explanation is that the rice fields and coconut groves in the study area are low lying and flood prone, thus periods of high rainfall may reduce the availability of nest sites. However, the effects of rainfall on breeding were likely to be short term because rainfall did not have an effect on R. tanezumi population rates of increase. Long-term population studies are required to better understand whether extended periods of high rainfall have a significant impact on R. tanezumi populations in lowland agroecosystems. In both the rice habitats, the R. tanezumi sex ratio was female biased during the stubble and seedling stage of the rice crop, but was at parity or male biased at other crop stages. Following disturbance at harvest, it is possible that male rats migrated to alternative habitats, whereas breeding females continued to forage in rice fields for spilled grain or ratooning rice in order to meet high dietary requirements needed to raise litters, as has been shown for R. argentiventer . Radiotracking studies in such complex agroecosystems would be useful to identify habitat use by R. tanezumi before and after major disturbance of the crop habitat during harvest and land preparation.
For most of the year, the mean body condition of R. tanezumi was higher in rice habitats than in other habitats, indicating that rice fields provide a better quality habitat for R. tanezumi. However, in both rice habitats, R. tanezumi condition showed no clear trend with crop stage. Perhaps when rice grain is not available, rats feed on snails and insects that are abundant in flooded rice fields and have a high fat and protein content, as was identified in the diet of R. tanezumi in lowland rice fields of the Philippines during both fallow (Tigner 1972 ) and the growing rice crop (Htwe and Singleton 2014) .
Ecologically based management of rodent pests in complex lowland agroecosystems
When developing integrated ecologically based rodent management strategies, actions that target only the pest species should be promoted, such as synchronous cropping, community campaigns and the Trap Barrier System (TBS) plus trap crop (Singleton et al. 1999b ). In the implementation of management strategies that impose direct mortality, it is necessary to understand the breeding biology and habitat use of the key pest species to identify early and timely interventions, as well as when rural communities have time available in their cropping calendars to work together to manage rodent pests in an agricultural landscape (Singleton 1997) . In the complex lowland agroecosystems of the SMBC, lethal control should be directed at R. tanezumi, especially in rice fields, where they are abundant and where there is a low risk to native rodent species (Stuart et al. 2008) . However, the use of coconut and agroforest habitat by R. tanezumi signifies that coconut groves and coconutbased agroforests adjacent to rice fields must also be considered when developing rodent management strategies for rice crops in complex lowland agroecosystems.
Previous research on the rice field rat R. argentiventer in south-east Asia suggests that the most effective time for lethal control is when the rodent population is at a low density and before the onset of breeding (Leung et al. 1999; Singleton et al. 2004; Brown et al. 2006) . Therefore, in contrast with rodent management practices currently applied by the majority of farmers in the study region, which are focused after the booting stage has begun (Stuart et al. 2011) , the most effective time for lethal management is likely to be during the early stages of the rice crop, before the booting stage. Recommended lethal methods of control include traditional methods, such as community rat campaigns that use trapping, hunting or flushing out rat burrows, or the appropriate use of rodenticides that are applied for a limited duration and are targeted specifically at the pest species. This is particularly important in the complex lowland agroecosystems of the SMBC, where several native non-pest rodents are present (Stuart et al. 2008) . If used, baits placed within rice fields are likely to be more attractive and more readily accepted during the tillering stage of the rice crop because food availability is low and pest rodents move into the rice field from the surrounding habitats during this time. When rice plants enter the reproductive stage, the acceptability of rodenticide baits is expected to decline (Buckle and Rowe 1981) . The ability of R. tanezumi to breed throughout the year, be it at a much lower rate than when rice is at the ripening stage, may necessitate two community campaigns per rice cropping season, as suggested by Htwe et al. (2012) , from land preparation up until the booting stage of the rice crop.
Once a population has been reduced through the implementation of control that imposes direct mortality, supplementary methods of management are required to limit population growth ). This can be achieved by limiting the quality and availability of food and nesting habitat (Leung et al. 1999) . The quality of food may be reduced through synchronous cropping (planted <2 weeks apart; Buckle et al. 1985; Singleton et al. 1999b) , by improving post-harvest management to reduce grain spillage (Htwe and Singleton 2014) , by ploughing the rice field immediately after harvest to prevent regenerating ratoon and volunteer rice crops, and by having an extended fallow period (Stuart et al. 2012) . Ploughing immediately after harvest would also disturb the habitat, forcing rats to move to lower-quality habitats. Strategies to reduce nesting habitat include minimising the frequency of rice bunds and restricting their width to less than 30cm, as well as reducing understorey vegetation to a height of <20 cm in coconut groves and other lowland refuge habitats adjacent to rice fields during the generative stage of the rice crop (i.e. from the booting stage until the crop is harvested; see also Stuart et al. 2012) .
Farmers generally apply control actions as individuals. In order for farmers to gain as much benefit as possible from these methods, we recommend coordinated community action involving both rice and coconut farmers, using as many actions as possible in an integrated approach (Stuart et al. 2014) . Because of the limited income that smallholder farmers have to spend on rodent management, guidance on sustainable and effective use of existing rodent control methods allows farmers to adjust their rodent management strategies without the need for additional spending. By adopting EBRM strategies, we expect a reduction in costs associated with rodent control, as well as improved yield and reduced risk to non-target species (see Singleton et al. 2005; Brown et al. 2006) . Recommendations based on existing farmer practices also would increase the likelihood of farmer adoption (Palis et al. 2008) . Finally, identifying local champions of rodent management is of the utmost importance to facilitate recommended rodent control methods to the farmers and encourage management actions at a community level.
